Spontaneous cardiac and renal lesions in AP A hamsters were examined histopathologically. Myocardial degeneration, valvular thickening, coronary arterial degeneration and increase in heart weight were common in old hamsters. These changes, which suggest cardiac failure, seem to be related to cardiac thrombosis which predominantly affected the left atrium and was found in over 40% of each sex over 16 months of age. Neither glomerular amyloidosis nor arteriolar nephrosclerosis was detected. In general the histopathology of renal lesions in AP A hamsters resembled that of the condition known as glomerulonephrosis in rats. Renal lesions occurred more frequently and more severely and developed more rapidly in females than in males. There was no apparent correlation between cardiac thrombosis and renal disease.
Summary
Spontaneous cardiac and renal lesions in AP A hamsters were examined histopathologically. Myocardial degeneration, valvular thickening, coronary arterial degeneration and increase in heart weight were common in old hamsters. These changes, which suggest cardiac failure, seem to be related to cardiac thrombosis which predominantly affected the left atrium and was found in over 40% of each sex over 16 months of age. Neither glomerular amyloidosis nor arteriolar nephrosclerosis was detected. In general the histopathology of renal lesions in AP A hamsters resembled that of the condition known as glomerulonephrosis in rats. Renal lesions occurred more frequently and more severely and developed more rapidly in females than in males. There was no apparent correlation between cardiac thrombosis and renal disease.
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In contrast with the large number of publications dealing with the frequency, distribution, latency and morphology of spontaneous neoplastic lesions in Syrian hamsters, there are few reports of the detailed morphology of agerelated non-neoplastic lesions (Chesterman, 1972; McMartin, 1979) . Major organs showing the non-neoplastic lesions described in aged hamsters are the heart and kidneys. Cardiac thrombosis is reported to be common in aged hamsters; however, its incidence and age and sex distribution vary among the colonies examined (Chesterman, 1972; Pour et al., 1976 Pour et al., , 1979 . In addition to thrombosis, McMartin
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(1977) described valvular thickening and myocardial degeneration as other common findings in aged hamsters. In the case of renal lesions some researchers have stressed the importance of glomerular amyloidosis (G1eiser et at., 1971; Mezza et al., 1984) and others have stressed arteriolar nephrosclerosis (Slauson, Hobbs & Crain, 1978) . Furthermore, the relationship between cardiac thrombosis and renal disease remains unclear.
We recently conducted a pathological survey of a Syrian hamster colony of AP A strain which has been developed in Japan (Tajima, 1968) ± 5%) in stainless steel cages with sterilized wood shavings for bedding. The animals were fed a commercial pelleted diet (MF; 21% protein, 5·1% fat: Oriental Yeast Co., Tokyo) and were allowed tap water ad libitum. They were checked daily and weighed once a week throughout the experimental period. Six to nine animals of each sex were killed by exsanguination under ether anaesthesia every 6 months and were subjected to pathological examination. Animals that died were necropsied shortly after death. The main organs were weighed and tissues were then removed for histological examination and fixed in 10% buffered formalin, embedded in paraffin wax, sectioned at 4 !tm and stained with haematoxylin and eosin (H&E). Some of the sections were also stained with Lillie's periodic acid-Schiff (PAS), Congo red or Gomori's one-step trichrome.
Observations were not continued for females over 18 months old and males over 24 months old because of the small number of survivors at that point.
Results
Mortality 14 of the 44 males and 14 of the 34 females died during the experimental period (Table 1) . Deaths were first seen at 6 months of age in females and at 15 months of age in males. About 70% of the deaths occurred at 16-18 months in females and at 22-24 months in males.
Changes in body weight
As shown in Fig. 1 , the body weight gain of females exceeded that of males during the first 6 months. A body weight loss was recorded after 6 months of age for females and after 20 months for males.
Changes in the weights of the heart and kidneys
The relative organ weights (gilOO g body weight) of the heart and kidneys increased with advancing age and their values were always higher in females than in males (Fig. 2) . Changes in the absolute organ weights (grams) of the heart and kidneys showed a similar trend to the relative weights. 
Changes in the weights of the heart and kidneys of killed APA hamsters. The standard deviation is shown in one direction only.
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Macroscopic findings
Gross examination of the dead animals showed that hydrothorax or hydroperitoneum was extremely frequent (85·7% of males; 71·4% of females). Cardiac thrombosis was observed in dead animals over 16 months old (71·4% of males; 50% of females), and it affected predominantly the left atrium (Table 2) _ Thrombosed hearts appeared to be enlarged. In contrast with the kidneys of dead females, which were all enlarged and whitish to tan in colour with irregular granulation of the surface, the kidneys of dead males were less severely and less frequently involved in gross lesions.
Macroscopic changes in the killed animals are shown in Table 3 . Cardiac thrombosis was observed in the left atrium of three males killed at 24 months of age_ Gross renal lesions affected females more frequently and more severely than males throughout the observation period_
The total incidence of cardiac thrombosis in 19) male,heart , (II J~emal e,kidney: (60-7) In LA only 5 (37·5) 5 (37-5) 10 (37-5) In LV only 2 (14·3) 1 (7-1) 3 (10.7) In LA and LV 2 (14-3) 0 2 (7-1) In LA, LV and RV 1 (7-1) 1 (7·1) 2 (7·1) Enlarged granular kidneys 7 (50) 14 (100) 21 (75) "The number in parentheses is the percentage of affected animals. bLA, left atrium; LV, left ventricle; RV, right ventricle. 
"Number of affected animals (upper) and the percentage (Iower)_ animals dying or killed after 16 months of age was 44·8% (13/29) in males and 41·2% (7/17) in females.
Microscopic findings Heart
The incidence and location of histologically detected cardiac thrombosis coincided largely with the gross observations (Tables 2 and 3 ). The thrombi varied in age, and were partially organized to the heart wall in the case of old lesions. Many of the atrial thrombi filled and enlarged the atrium, and the atrial pericardium was involved in inflammation extending from the thrombus to the adjacent atrium in some cases (Fig. 3) .
Valvular thickening was common in animals over 16 months of age and it affected the mitral valve more frequently than the tricuspid or aortic valves. The thickened valve was generally characterized by accumulation of a mucinous ground substance with slight proliferation of fibroelastic tissue. In a few cases thrombi were attached to the tip or the lateral surface of the mitral valve and valvular endothelium was denuded at the site of attachment of the thrombus (Fig. 4) . One of these thrombosed mitral valves showed focal chondroid metaplasia in one segment (Fig. 5 ). No apparent correlation was noticed between the presence of cardiac thrombosis and the severity of valvular lesions. Myocardial degeneration was another common cardiac lesion in animals over 16 months of age. It was prominent at the base of the mitral valve, in the inner half of the left ventricular wall and in the inner half of the ventricular apex. In mild lesions degenerating myocardial cells were vacuolated, atrophied and separated by loose connective tissue. In more advanced lesions there was a loss of degenerate myocardial cells and replacement by fibrosis (Fig. 6 ). Such advanced lesions were mainly observed in the hearts of the oldest males and in hearts containing aged thrombi. Amyloidosis was not found in any heart. In the coronary arteries focal medial degeneration with calcification was first noticed in a small number of animals killed at 12 months of age. Thereafter this change was found in a high proportion of animals over 16 months of age and occasionally accompanied calcified plaques in the aortic arch.
Kidneys
The renal lesions were graded as mild, moderate or severe according to the number of nephrons involved in histological changes in the cross-section of the kidney. In mildly affected kidneys focal changes consisting of tubular atrophy and/or tubular dilation with proteinaceous cast were observed in scattered individual nephrons (Fig. 7) . Segmental thickening of glomerular basement membrane and mesangium and of Bowman's capsule basement membrane was noticed in some of these nephrons. In moderately affected kidneys the number of injured nephrons increased and wedge-shaped or linear lesions radiating from the subcapsular zone to the inner medulla were also observed. These lesions were composed largely of tubular atrophy, tubular dilation, thickening of peritubular basement membrane and a mild increase in interstitial loose connective tissue. Proteinaceous casts were common in the dilated tubules, and glomeruli occasionally contained eosinophilic and PAS-positive deposits 245 Fig. 7 . Early focal renal lesion. (PAS, lOOx.) in the capillary wall and mesangium, resulting in their segmental thickening (Fig. 8) . Such deposits were histochemically negative for amyloid. In severely affected kidneys over 50% of the nephrons were involved in lesions, and proteinaceous casts were frequent in these nephrons (Fig. 9 ). Proliferation of interstitial connective tissue around the atrophied tubules became more noticeable and peri arteriolar infiltration of plasma cells was apparent in places. Many glomeruli showed an increase in intercapillary PAS-positive deposits, and segmental or focal glomerulosclerosis occurred in some glomeruli (Fig. 10) in which no amyloid deposits were detected. Intrarenal arterioles showed medial thickening with oedema or hyalinization in some kidneys of animals over 12 months of age. Histological renal lesions of varying degrees of severity were detected in all animals examined and in general they developed with advancing age. Females were affected more frequently and often at an earlier age than males, consistent with the results of macroscopic examination. Severe lesions were observed at high frequency at and after 6 months of age in females and at relatively low frequency even at 24 months of age in males.
Relationship of cardiac thrombosis to renal disease
As previously mentioned cardiac thrombosis Doi, Yamamoto, Isegawa, Doi & Mitsuoka was found in three of the killed males (Table 3) and all of them had mild renal lesions. In animals that died, as shown in Table 4 no apparent correlation was noticed between the existence of cardiac thrombosis and the severity of renal lesions. Of the three males which had mild renal lesions but no cardiac thrombosis (Table 4) , one showed unilateral adrenal adenoma, one showed hepatic and splenic haemangioma and one showed marked hepatic and splenic extramedullary haematopoiesis.
Discussion
Males tended to outlive females in the case of the AP A hamster as in other Syrian hamster colonies (Kirkman & Yau, 1972; Pour et al., 1976 Pour et al., , 1979 Slauson, Hobbs & Crain, 1978; McMartin, 1979) . The present data suggest that death is probably due to either severe renal disease or cardiac thrombosis; the former seems to play an important role especially in younger females whereas the latter is more prevalent in older males.
The histopathology of cardiac lesions in the present study closely resembles that described by McMartin (1977) for his hamster colony. Additional findings such as occasional pericarditis in a thrombosed left atrium and chondroid metaplasia in one thrombosed mitral valve were noticed in the present study. There was also an age-related increase in both absolute and relative heart weight, suggesting cardiac hypertrophy in older APA hamsters. The incidence of cardiac thrombosis in APA hamsters was not as high as reported by McMartin (1977) ; however, it was relatively high compared with data for other hamster colonies (Chesterman, 1972; Pour et al., 1976 Pour et al., , 1979 .
In AP A hamsters early renal lesions occurred in scattered individual nephrons in which were found tubular atrophy, tubular dilation with proteinaceous casts and segmental thickening of the glomerular basement membrane and mesangium owing to deposits which were PAS positive but Congo red negative. The severity of renal lesions was proportional to the number of nephrons involved in (Chesterman, 1972) nor glomerular amyloidosis (Gleiser et ai., 1971; McMartin, 1979; Mezza et ai., 1984) was observed in APA hamsters up to 24 months of age. Gleiser et at. (1971) reported that amyloid deposits in the renal glomeruli were preceded by PAS-positive hyalin-like deposits and that this material was negative histochemically for amyloid but had the ultrastructural characteristics of amyloid. They called the material 'paramyloid'. It is possible that the PAS-positive but Congo-rednegative glomerular deposits in the present study may also be 'paramyloid'. Slauson, Hobbs and Crain (1978) have emphasized that spontaneous renal lesions resembling those of human arteriolar nephrosclerosis developed in their hamster colony. Renal arteriolar lesions were neither constant nor severe in APA hamsters. On the whole the histopathology of the renal lesions in AP A hamsters shows more similarities to that in rats with the condition known as glomerulonephrosis or chronic progressive nephrosis (Report from the Working Group on Longterm Holding of Experimental Animals, 1980; Gray, Van Zwieten & Hollander, 1982) .
With regard to the relationship between cardiac thrombosis and renal disease, Slauson, Hobbs and Crain (1978) suggested that renovascular hypertension resulting from arteriolar nephrosclerosis might be a cause of cardiac thrombosis. We could find no such renal changes in APA hamsters. Furthermore there was no apparent correlation between the existence of cardiac thrombosis and the severity of renal lesions in the present study. Since myocardial degeneration, myxoid valvular thickening and cardiac hypertrophy were common in older APA hamsters, cardiac thrombosis probably resulted from local blood stasis secondary to cardiac failure as was also observed by McMartin (1977) in his hamster colony.
